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However, advanced laparoscopic surgery can be dif-
ficult and time-consuming, and its benefits are not
readily apparent. Additionally, the sense of tactile
feedback and the intrinsic ability of the operator’s
hand to function as a blunt dissector, grasper, or
retractor is lost with conventional laparoscopy. A
potentially valuable adjunct is that of hand-assisted
laparoscopic surgery (HALS), in which a hand is
introduced into the laparoscopic field while pneu-
moperitoneum is maintained. We have recently
developed a specialized device for HALS (Hand-
Port System; Smith and Nephew, Andover, Mass)1
and have introduced the operative hand to assist
with a variety of demanding laparoscopic proce-
dures.2
Aortobifemoral bypass grafting is a durable oper-
ation for arterial reconstruction in patients with
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After the initial success and widespread accep-
tance of laparoscopic cholecystectomy, the focus of
further innovation has been to perform complex
open operations in a minimally invasive fashion.
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Objective: Aortobifemoral bypass grafting is a durable operation for arterial reconstruc-
tion in patients with symptomatic aortoiliac occlusive disease. In several small laparo-
scopic series technically demanding aortic operations have been described that have not
gained widespread acceptance or applicability. To simplify the laparoscopic approach to
the aorta, we have developed a technique of aortobifemoral bypass grafting that uses
hand-assisted laparoscopic surgery (HALS) to minimize the complexity of aortic dissec-
tion and reconstruction.
Methods: Five patients with symptomatic aortoiliac occlusive disease underwent success-
ful HALS aortobifemoral bypass grafting. With the use of a specialized sleeve device
(Hand-Port), an operative hand was introduced into the laparoscopic field while pneu-
moperitoneum was maintained. Laparoscopic dissection of the infrarenal aorta was then
performed with retraction provided by the operative hand. Proximal aortic anastomosis
was performed with an open technique through the same 7.5-cm Hand-Port incision,
and femoral anastomoses were performed in the standard fashion.
Results: Five hand-assisted laparoscopic aortobifemoral bypass grafts were performed
(two end-to-end, three end-to-side proximal anastomoses). Mean operative time was
231 minutes. Mean blood loss was 440 mL. All patients underwent extubation imme-
diately after surgery, were ambulatory on postoperative day (POD) 1, and were tolerat-
ing their diet by POD 3. The mean length of hospital stay was 3.8 days. One patient was
discharged on POD 5 and started a clear liquid diet after a self-limiting postoperative
ileus. All patients were asymptomatic and back to full activity/work by 14.6 days post-
operatively, on average (range, 11-20 days).
Conclusion: The HALS offers the advantages of tactile feedback, flexible retraction, and
the introduction of conventional surgical instruments, all of which extend laparoscopic
surgery and its established benefits to a wide array of more complex surgical problems,
including major vascular surgery. Ease of performance, shorter hospital stays, and faster
recovery times all suggest that HALS may become a valuable adjunct to conventional
aortobifemoral bypass grafting. (J Vasc Surg 2000;31:1142-8.)
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symptomatic aortoiliac occlusive disease of the aorta
and iliac vessels.3 However, because of its complexi-
ty, major vascular surgery has not benefited signifi-
cantly from the recent explosion of laparoscopic
surgery. Only recently, small series have been report-
ed in which a laparoscopic approach to aortic disease
is described.4-6 These reports describe long, techni-
cally demanding operations that have not gained
widespread acceptance or applicability. The HALS
allows for the application of laparoscopic surgery
and its established benefits to a wide array of more
complex surgical problems.7,8 We describe the use of
HALS to minimize the complexity of minimally
invasive aortobifemoral bypass grafting in five
patients with symptomatic aortoiliac occlusive dis-
ease.
METHODS
Patients. Five patients underwent hand-assisted
laparoscopic aortobifemoral bypass grafting (Table
I). All patients had symptomatic aortoiliac occlusive
disease confirmed by digital subtraction aortogra-
phy. There were four male patients and one female
patient, with a mean age of 54 years. All patients
were smokers, one had diabetes mellitus and a histo-
ry of symptomatic cerebrovascular disease, and
another had hypercholesterolemia. The indication
for surgery was debilitating claudication in all cases,
and inclusion criteria were the same as that for con-
ventional aortobifemoral bypass grafting. Two of the
five patients had undergone prior attempts at percu-
taneous endovascular treatment of their occlusive
disease with limited short-term success, whereas the
remaining patients were considered inappropriate
for an endovascular approach according to the
extent of disease. All patients were deemed medical-
ly fit for HALS aortobifemoral bypass grafting and
gave informed consent for the proposed procedure.
Approval by the Internal Review Board was obtained
for the research protocol.
Operative approach. General anesthesia was
used in all patients. Perioperative antibiotics were
administered (ie, intravenous cefazolin) for 24
hours. The operating room setup is shown in Fig 1.
The operative team consisted of a senior vascular
surgeon, an experienced laparoscopic surgeon com-
fortable with advanced laparoscopy, a resident assis-
tant surgeon, and a vascular scrub assistant. The
patient was placed in the supine position on the
operating table, and the procedure started with the
table in the flat position without tilting. Exposure
and control of the femoral vessels were performed
first in the standard open fashion through 4-cm
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bilateral groin incisions. Next, with the use of an
open/Hasson technique, laparoscopic access to the
abdomen was performed through an infraumbilical
10-mm trocar, and pneumoperitoneum was estab-
lished. Two more lower abdominal trocar ports (one
10-mm, one 12-mm) were then introduced and
used for laparoscopic instrumentation. A 7.5-cm
upper midline incision was made through the skin
and underlying fascia under laparoscopic visualiza-
tion for placement of the Hand-Port System. A
schematic of the skin incisions used is also shown in
Fig 1. The Hand-Port System consists of a balloon-
inflated base retractor that sits in the incision form-
ing an airtight seal with the abdominal wall and a
plastic bracelet and sleeve attachment that creates a
seal around the surgeon’s hand and the base retrac-
tor (Fig 2).
Pneumoperitoneum was then reestablished. The
laparoscopic surgeon then performed intracorporeal
dissection of the entire infrarenal aorta from the level
Fig 1. Operating room layout/incision schematic. The
vascular surgeon and laparoscopic surgeon work collabo-
ratively from the same side of the table. The vascular sur-
geon’s hand is through the Hand-Port, while the laparo-
scopic surgeon performs intracorporeal dissection of the
infrarenal aorta. An assistant surgeon and a scrub nurse
complete the operative team. Two monitors are used dur-
ing the procedure for adequate visualization. The opera-
tive incisions consist of two 4-cm femoral incisions, three
lower abdominal trocar ports (one infraumbilical camera
port, two lower quadrant working ports), and a 7.5-cm
upper midline incision for location of the hand-assist
device.
of the left renal vein to the aortic bifurcation. The
vascular surgeon’s hand was used to provide expo-
sure of the aorta and retraction of the small bowel
during the laparoscopic portion of the procedure.
Repositioning the hand as needed facilitated critical
dissection around the duodenum, left renal vein, and
lateral aortic attachments. Table positioning (ie,
Trendelenburg’s, reverse Trendelenburg’s) was also
used to further facilitate exposure. Monopolar elec-
trocautery and harmonic scalpel devices were used
safely for laparoscopic dissection in concert with the
blunt manipulation of the operative hand. Lumbar or
gonadal branches of the aorta were easily clipped and
divided laparoscopically as necessary. Final laparo-
scopic dissection was carried out at the aortic bifur-
cation. A tunneling clamp was then passed from each
groin to create graft tunnels under the internal guid-
ance of the operative hand. Rubber tubing was then
introduced through each of the lower abdominal tro-
cars and passed through each graft tunnel. The final
laparoscopic step was to place a paddle retractor (US
Surgical, Norwalk, Conn) through the right lower
quadrant trocar for retraction of the bowel during
the open component of the procedure.
The sleeve was then disconnected, the operative
hand was removed, and the pneumoperitoneum was
released. The Hand-Port base retractor was left in place
and used as retraction for the open part of the opera-
tion supplemented by conventional handheld retractors
as needed. Systemic anticoagulation with heparin was
achieved. For end-to-end anastomosis in two of the five
patients in the study, the aorta was clamped, divided,
and either conventionally oversewn or stapled with an
endogastrointestinal stapling device with 2.5-mm sta-
ples (US Surgical). For end-to-side anastomosis in the
remaining three patients, a side-biting aortic clamp was
safely used. Endarterectomy of the proximal aorta was
performed as needed, and the proximal anastomosis
was completed with a running 5-0 polypropylene
suture. The graft limbs were then tunneled to each
groin using the rubber tubing previously placed laparo-
scopically. The graft limbs were trimmed to size, and
the femoral anastomoses were performed in the stan-
dard end-to-side fashion. The proximal anastomosis
and distal aortic stump were reinspected, and the
retroperitoneum was reapproximated either openly or
laparoscopically with intracorporeal suturing. The
Hand-Port incision was then closed with a running
nonabsorbable suture, fascial stitches were placed in the
port sites, and the groin incisions were closed in three
layers. Skin staples were used for the abdominal 
incisions, and nylon sutures were used for the groin 
incisions.
Postoperatively, the patients underwent extuba-
tion, and their nasogastric tubes were removed at
the completion of the case. The patients recovered
overnight in the surgical intensive care unit, as was
the routine for all aortic procedures. They received
parenteral narcotic analgesia as needed the first post-
operative night. On postoperative day (POD) 1, the
patients were out of bed ambulating, started a liquid
diet, and began taking pain medication orally. The
diet was subsequently advanced as it was tolerated.
The patients were discharged home when surgically
and medically appropriate.
RESULTS
Five patients successfully underwent HALS aor-
tobifemoral bypass grafting (Table II). The mean
operative time was 231 minutes, and the mean pro-
cedural blood loss was 440 mL. Two reconstruc-
tions used end-to-end proximal aortic anastomoses,
two necessitated end-to-side anastomoses to allow
for antegrade filling of one or both internal iliac
arteries with extensive external iliac disease, and the
last used an end-to-side configuration with
infrarenal aortic occlusion. In either configuration,
exposure was adequate through the base retractor,
and the anastomosis was performed comfortably.
Aortic clamps could be positioned exiting from the
periphery of the base retractor in such a way as not
to be cumbersome or hindering. In one patient, the
base retractor was removed to determine if adequate
exposure using conventional retractors could be
achieved. Exposure was adequate, but the single-
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Fig 2. Laparoscopic hand-assist device: Hand-Port. The
Hand-Port System consists of a base retractor component
(A) that, when inflated, sits airtight in a 7-cm abdominal
incision. The bracelet and sleeve component is worn on the
surgeon’s arm (B), and maintains a seal between it and the
base retractor to prevent escape of pneumoperitoneum (C).
A
B
C
base retractor seemed to function superiorly to pro-
vide less cumbersome exposure. In three patients,
the retroperitoneum was closed in the conventional
manner with adequate exposure provided by the
base retractor. In the other two patients, the
retroperitoneum was closed laparoscopically. Finally,
in one patient with an end-to-end proximal anasto-
mosis, the distal aorta was stapled and divided using
the endogastrointestinal stapling device, whereas in
the other, the aorta was controlled, divided, and
oversewn in the conventional manner. Stapling
seemed to be reliable and time efficient.
The mean length of the Hand-Port incision was
7.5 cm with no patient requiring lengthening of the
incision (either at the skin or the abdominal fascia)
during the procedure because of inadequate expo-
sure. Four of the five patients had a fairly thin body
habitus. The fifth patient (patient 2) was somewhat
more obese (100 kg) and required an 8-cm incision
for adequate exposure. The procedure was other-
wise unaffected by the patient’s obese stature.
All patients underwent extubation (both orotra-
cheal and orgastric tubes) immediately postopera-
tively. All patients were monitored in the surgical
intensive care unit the first postoperative night and
then transferred to the surgical ward on POD 1. All
patients started a clear liquid diet the morning of
POD 1. All patients began taking pain medication
orally at that time with subsequent adequate pain
control. All patients ambulated, starting on POD 1.
Diet was advanced as tolerated with four of five
patients tolerating regular diet before discharge; the
mean time to a regular diet was 2.75 days. The mean
length of hospital stay was 3.8 days (range, 3-5
days). Patient 2 had a persistent postoperative ileus,
which slowed his tolerance for diet, and he was dis-
charged on POD 5 and restricted to a liquid diet.
He returned the following day because of persistent
nausea, and after 3 days of supportive care, his symp-
toms resolved. None of the patients experienced any
wound-related complication. The mean time to
return to full activity (eg, work, extracurricular) was
14.6 days (range, 11-20 days).
DISCUSSION
Until now, the surgical approach to a problem
was divided, viewed as either laparoscopic or open.
With the addition of hand assistance to minimally
invasive surgical techniques, there now emerges a
continuum of care from totally laparoscopic to
hand-assisted laparoscopy to conventional open pro-
cedures. The HALS answers many of the limitations
of strictly laparoscopic procedures. Most important,
it affords tactile feedback, something on which sur-
gical skill development and decision making are
strongly based. Next, as a hybrid approach, it poten-
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Table I. Patient demographics
Patient Age (y) Sex Comorbidity Indication ABI
1 67 M Smoker RLE claudication 0.5
2 44 M Smoker, DM, TIAs BLE claudication 0.5/0.6
3 43 M Smoker RLE claudication 0.5
4 57 M Smoker BLE claudication 0.7/0.6
5 58 F Smoker, hypercholesterolemia BLE claudication 0.3/0.5
ABI, Ankle/brachial index; BLE, bilateral lower extremity; DM, diabetes mellitus; F, female; M, male; RLE, right lower extremity; TIA,
transient ischemic attack.
Table II. Operative results
Patient Aortogram Anastomosis Incision (cm) OR time (min) EBL (mL)
1 R CIA occlusion; L CIA stenosis End-to-end 7.5 245 500
2 L CIA occlusion; 70% stenosis R CIA; End-to-side 7.5 222 700
diffuse disease B EIA
3 R CIA occlusion; critical L CIA stenosis End-to-end 8.0 226 300
4 Diffuse B CIA disease; critical stenosis End-to-side 7.5 250 250
R EIA; long seg stenosis L EIA
5 Infrarenal aortic occlusion; R End-to-side 7.0 210 450
PFA/SFA stenoses
Mean — — 7.5 231 440
B, Bilateral; CIA, common iliac artery; EBL, estimated blood loss; EIA, external iliac artery; L, left; OR, operating room; PFA, profun-
da femoris artery; R, right; seg, segment; SFA, superficial femoral artery.
tially expands the armamentarium of the general sur-
geon who has not fully mastered high-end laparo-
scopic techniques. Furthermore, it provides access in
complex cases to implement conventional operative
instruments or techniques in situations where limit-
ed laparoscopic instrumentation is available. The
Hand-Port device and HALS have been shown to be
effective in initial animal studies1 and in human fea-
sibility studies2 for a wide range of complex opera-
tions.
We have now extended the HALS approach to
aortic reconstruction for aortoiliac occlusive disease.
The approach is feasible and offers many potential
advantages over either a purely laparoscopic
approach or the conventional open approach. We
believe that it will considerably reduce operative
time compared with the totally laparoscopic
approach to aortobifemoral bypass grafting. In fact,
it seems that procedure times with HALS aorto-
bifemoral bypass grafting will approach those of the
conventional open procedure. The operative hand
facilitates the laparoscopic dissection of the aorta
offering more control and the potential for increased
safety and speed. In addition, access through the
base retractor at the level of the infrarenal aorta
allows performance of the proximal anastomosis in
an open fashion, avoiding potentially difficult,
tedious, and time-consuming intracorporeal sutur-
ing. The anastomosis can be performed through the
7-cm incision with the base retractor acting as an
abdominal wall retractor, keeping overall incision
length to a minimum and providing less postopera-
tive pain, easier mobility, and quicker recovery.
Perhaps the most important benefit is the perfor-
mance of the operation without the need to eviscer-
ate the enteric contents for adequate exposure,
thereby reducing the incidence of postoperative ileus
and allowing earlier resumption of diet.
The reduced postoperative stay and short time to
complete recovery seen after HALS aortobifemoral
bypass grafting (Table III) promise to offer signifi-
cant improvement over conventional surgery. Kline
et al9 recently reported a feasibility study with a
laparoscopic-assisted, minilaparotomy approach to
infrarenal aortic aneurysm repair and found a mean
length of stay (LOS) of 5.8 days. Their approach
does not seem to offer any LOS advantage over
recent reports of open aortic surgery implementing
stringent clinical pathways.10,11 In addition, they did
not report length of time to complete recovery.
With an ongoing experience with HALS, hospital
stays of 3 days or less and recovery times of less than
2 weeks after aortic reconstruction are likely to be
both achievable and safe, and stand to be a real
advantage of this approach.
The procedure is not without potential limita-
tions. The HALS aortobifemoral bypass grafting
requires a team commitment of both an experienced
vascular surgeon as well as a surgeon with advanced
laparoscopic expertise. Like any other new interven-
tion, it requires a certain learning curve to perform
safely and efficiently. In addition, technical chal-
lenges, such as the obese patient, extensive infrarenal
atherosclerotic aortic disease, previous abdominal
surgery, and the ability to alter hand and trocar con-
figurations, need to be addressed as experience with
this technique expands.
Hand-assisted laparoscopic aortobifemoral by-
pass grafting is truly an innovative technique. It
takes advantage of the existing expertise of the vas-
cular surgeon and combines that with only a moder-
ately difficult laparoscopic procedure to perform an
absolutely conventional, well-established operation.
It is a fast, efficient operation that allows for good
control, no evisceration, and small abdominal inci-
sions. Outcomes can be expected to be similar to the
“gold standard” because the conventional operation
is being performed. However, HALS potentially
offers less perioperative pain, decreased hospital
LOS, faster recovery, and earlier return to work. In
patients who require aortic reconstruction and in
whom angioplasty has failed or is not indicated, this
initial experience suggests that HALS aorto-
bifemoral bypass grafting may show true cost, time,
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Table III. Postoperative results
Patient Ambulation (POD) Liquid diet (POD) Regular diet (POD) Discharge (POD) Full activity (POD)
1 1 1 2 3 14
2 1 1 NA 5 20
3 1 1 3 3 12
4 1 1 3 4 16
5 1 2 3 4 11
Mean 1 1.2 2.75 3.8 14.6
NA, Not applicable; POD, postoperative day.
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and patient benefit advantages over either a purely
laparoscopic or an open approach. Large, prospec-
tive, randomized studies need to be performed to
determine whether the established benefits of
laparoscopic surgery are truly received by the patient
with the hand-assisted approach.
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DISCUSSION
Dr Whittemore (Boston, Mass). Thank you for such a
provocative paper. This represents an exciting approach
on the learning curve, still in its adolescent phase, tripping
over various appendages. This seems more appealing than
the multiple port approach of standard laparoscopic tech-
nique. A natural evolution in my mind would incorporate
a hand-controlled, stapled proximal anastomosis. How far
along are we with large-vessel stapler devices?
Dr Nelson. Thank you, Dr Whittemore. I think that
having the hand in the abdomen gives everybody sort of
a sigh of relief, that you have some level of increased con-
trol in a vascular operation. I think as stapled anastomosis,
sort of single-shot anastomosis devices progress, I think
that certainly through the exposure you get a base retrac-
tor a device like that could easily be employed and would
not even really need to be that small or compact to fit
through a trocar port to fit through a small incision. The
nice thing about the retractor is that it affords you the
availability of open techniques, open instrumentation in a
situation where there is limited laparoscopic development,
so I think that this, in conjunction with developments of
more simplified anastomotic approaches, could easily
come together very nicely.
Dr Whittemore. How selective were you with respect
to inclusion criteria? How many conventional aorto-
bifemoral grafts were carried out during the same period?
Dr Nelson. I could not tell you the specific number,
but these cases were done over several months. Certainly
the selection of these patients was designed to minimize
any potential limitations of the device. Four out of the five
patients were fairly thin in habitus, which makes using the
device simpler. With a more obese patient, the thicker
abdominal wall raises issues of seal and maintenance of
pneumoperitoneum. One of the patients in the study was
actually 220 lb, 100 kg, and was quite a big gentleman.
Although I think his case was a little bit more cumber-
some, the device functioned pretty well, and so obviously
more experience with sort of the more typical aorto-
bifemoral bypass patient would be needed to expand our
experience.
Dr Nath. I sort of hesitate to rise a little bit bringing the
whole concept of the general surgeon and the laparoscop-
ic surgeon in vascular surgery, but having already done it
you have opened the door. So I have one question for you.
In our practice, my partner, who is a colorectal surgeon,
and I have done over 30 operations on colorectal anasto-
moses using another device similar to yours called a
Pneumosleeve, which has been out and about in the mar-
ket for about a year now. We have had excellent success
with dramatically used hospital stays for colon resections
under laparoscopic assistance. You know, 1 to 2 days in the
hospital and then home. I suspect that a similar kind of
thing is going to happen with vascular surgery and aortic
bypasses as you have illustrated here because we are in vas-
cular surgery now looking toward more and more mini-
mally invasive ways to approach the aorta, endovascular
work, and now, laparoscopically assisted work. Do you
think that as vascular surgeons and as we learn to do
endovascular work and expand our expertise into sort of
the radiologic field that we now need to, those of us that
do not already do advanced laparoscopic surgery in vascu-
lar surgery will now need to add that to our armamentar-
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ium of expertise in vascular surgery and not only be vas-
cular surgeons but also become advanced laparoscopic sur-
geons?
Dr Nelson. Thank you Dr Nath. You first mentioned
the device that you are familiar with. The dexterity
Pneumosleeve was sort of the first prototypical device
used, and the hand port device that we have used here was
sort of designed because of some of the limitations, specif-
ically the poor seal and loss of pneumoperitoneum with
the dexterity Pneumosleeve. It seems like the experience
so far with this device is superior, in that the pneumoperi-
toneum is well maintained.
It is true that this device has been used as part of the
feasibility study for a number of general surgical operations
ranging anywhere from gastrectomy, cholecystectomy, and
even hand-assisted pancreaticoduodenectomy. When you
ask if all general surgeons need to add laparoscopy or
advanced laparoscopy to their sort of curricula vitae, so to
speak, I think this device or similar devices like these offer
laparoscopy or minimally invasive approaches to a wider
range of people who are not going to have the ability or the
training to do these operations without the operation of
having some component of it be done open. So I think that
hopefully, this will expand the concepts of laparoscopy to a
wider spread group of surgeons, not only in vascular
surgery, but in surgery in general.
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